Corn dried distillers grains with solubles (DDGS) contains high crude fat and is reported to confer to PUFA some degree of protection from ruminal biohydrogenation (BH). There is also indication that inclusion in diets of high energy feed such as DDGS results in a reduced response to monensin in feedlot cattle. This study was conducted to determine the effects of increasing corn DDGS inclusion and monensin on ruminal BH and duodenal flows of fatty acid (FA). Five ruminally and duodenally cannulated Angus heifers (initial BW, 556 ± 36 kg) were assigned to a 5 × 5 Latin square with 2 × 2 + 1 factorial arrangement. Treatments were control (CON; 10% barley silage, 87.8% barley grain, 2.2% mineral and vitamin supplement, and 28 mg monensin/kg DM) and diets substituting 20% (LDG) or 40% (HDG) corn DDGS for barley grain combined with 28 (ML) or 48 mg (MH) monensin/kg diet DM: 1) CONML, 2) LDGML, 3) LDGMH, 4) HDGML, and 5) HDGMH. Intakes of total and individual FA increased (P < 0.01) with inclusion of DDGS in the diet and tended (P = 0.10) to be less for heifers fed MH than ML diets. Overall, there was no interaction between levels of DDGS and monensin on ruminal BH, flows of FA to duodenum, and intestinal digestibility. Flows (g/d) of CLA c9,t11, α-linolenic acid (C18:3n-3), MUFA, and PUFA to the duodenum were linearly increased (P < 0.01) with increasing DDGS inclusion. However, increased monensin trended to decrease the flows of linoleic acid (C18:2 c9 c12; P = 0.07), α-linolenic acid (P = 0.07), and MUFA (P = 0.08) and decreased that of PUFA (P = 0.05). Ruminal BH of unsaturated FA (USFA), PUFA, and C18:2 c9,c12 did not differ among treatments. The FA profiles in the duodenal digesta were not different except for the percentage of CLA c9,t11, which tended (P = 0.06) to linearly increase with increasing DDGS such that it was greater (P = 0.04) for HDG than for the LDG diet. Additionally, the percentage of CLA t10,c12 linearly (P < 0.01) increased with increasing DDGS inclusion. Intestinal digestibility of SFA (P < 0.01), USFA (P = 0.05), and total FA (P = 0.01) was greater for heifers fed HDG than heifers fed LDG diets. These results indicate that increasing corn DDGS in finishing diet increases the provision of PUFA to feedlot cattle due to increased intake and flows of PUFA to the duodenum. Increasing supplementation of monensin from 28 to 48 mg/kg DM had no effect on ruminal BH and intestinal digestibility of FA but decreased intake and duodenal flows of FA.
INTRODUCTION
Corn (Zea mays) dried distillers grains with solubles (DDGS) is a good source of PUFA because of its high fat content and some degree of protection of the PUFA from ruminal biohydrogenation (BH; Vander Pol et al., 2009) . Partial protection from complete BH of unsaturated fatty acids (USFA) in DDGS allows an increased flow of USFA to the duodenum, which can then be utilized more efficiently by cattle. A previous report showed that feeding corn DDGS appears to alter fatty acid (FA) profiles and favors a greater ratio of PUFA:SFA in beef (Depenbusch et al., 2008) . Feeding corn DDGS enhanced the FA concentration of beef by decreasing C18:1 t10 and increasing C18:1 t11, and CLA c9,t11 as a result of ruminal BH of dietary USFA. Recent research showed that the various C18 FA expressed in milk fat are relevant indicators of ruminal BH (Dang Van et al., 2011) . However, information on ruminal BH and duodenal flows of PUFA is lacking for beef cattle fed finishing diets varying in corn DDGS inclusion. In addition, monensin is commonly fed to finishing cattle in North American feedlots because it generally improves feed efficiency of cattle. However, there is evidence that high energy density diets such as diets that contain highly processed grain or DDGS are less responsive to monensin addition (DiLorenzo and Galyean, 2010) . There has been a recent trend to increase the feeding level of monensin in feedlot diets (Vogel, 2010) .
We hypothesized that increasing corn DDGS and monensin feeding to finishing cattle reduces ruminal BH and increases the flow of USFA to the duodenum. The objectives of this study were to evaluate the effects of increasing the inclusion of corn DDGS and monensin on ruminal BH, flows of FA to duodenum, and the intestinal FA digestibility in beef heifers fed a finishing diet. The effects of increasing the inclusion of corn DDGS and monensin on ruminal fermentation and site and extent of digestibility were reported separately (Xu et al., 2013) .
MATERIALS AND METHODS
This study was approved by the Animal Care Committee of the Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, and was conducted according to the guidelines of the Canadian Council on Animal Care (1993).
Animals, Experimental Design, and Diets
Five Angus heifers (initial BW, 556 ± 36 kg) were fitted with a soft plastic rumen cannula (10 cm center diameter; Bar Diamond, Inc., Parma, ID) and a T-type duodenal cannula with a 2.5 cm i.d. opening (Bar Diamond). The duodenal cannula was placed proximal to the bile and pancreatic ducts, approximately 10 cm distal to the pylorus, and was exteriorized through an incision within the 10th intercostal arch. The heifers were used in a 5 × 5 Latin square with 2 × 2 + 1 factorial arrangement of treatments. The five treatments were control (CON; 10% barley (Hordeum vulgare) silage and 90% barley grain-based concentrate supplemented with 28 mg monensin/kg DM) and diets substituting 20% (LDG) or 40% (HDG) corn DDGS for barley grain combining with 28 (ML) or 48 mg (MH) monensin/kg dietary DM. The diets were 1) CONML, 2) LDGML, 3) HDGML, 4) LDGMH, and 5) HDGMH. A single lot of corn DDGS was obtained commercially from 1 source for the whole study. Diets were prepared daily using a feed mixer (Data Ranger; American Calan Inc., Northwood, NH). The heifers were adapted to the experimental diets by gradually increasing the proportion of concentrate over a period of 4 wk before starting the experiment. Each experimental period consisted of 14 d of adaptation to the new diets and 7 d of measurements.
The heifers were fed the total mixed rations once daily (1100 h) at an amount that ensured approximately 5% refusals. Feed offered and refused were recorded daily for each heifer for the entire experiment. The total mixed rations and barley silage were sampled (1 kg/ sample) once a week to determine DM content, and the diets were adjusted to account for changes in the moisture content of silage. Samples (1 kg/sample) of barley grain and corn DDGS were also collected once each period. Refusals were collected during the last 7 d of each period. All collected feed samples were stored at 4°C when used within days or frozen at -20°C for future analysis. The samples were oven-dried at 55°C for 48 h and ground through a 1-mm screen (standard model 4 Wiley Mill; Arthur Thomas, Philadelphia, PA) for subsequent chemical analysis. The heifers were housed in individual tie-stalls on rubber mattresses and bedded with wood shavings. Water was available freely throughout the experiment. The heifers were exercised daily in an outdoor pen for 1 h as the measurement and sampling schedule permitted.
Intake, Duodenal Flows, and Digestibility
Feed intake for each heifer was calculated as the difference between the feed offered and refused during the last 7 d of each period. Duodenal flows and feces excreted were estimated using Yb (YbCl 3 •6H 2 O) as a digesta marker. The marker (5.5 g of YbCl 3 •6H 2 O, 1.2 g of Yb) was mixed with rolled barley and top dressed to each animal twice daily (morning at feeding and afternoon at 1700 h) and manually mixed starting 7 d before duodenal and fecal sampling. Duodenal samples (approximately 250 mL per sampling) were collected from the duodenal cannula every 8 h moving ahead 2 h each day over a 4-d period and retained for chemical analyses as is or after freeze-drying. The flows of DM to the duodenum were calculated as the ratio of Yb consumed to Yb concentration in duodenal contents. Feces were collected from the rectum over a 4-d period at the same time as duodenal sampling, composited across sampling times for each heifer within period, dried in an oven at 55°C, and ground through a 1-mm sieve for chemical analysis. The fecal output was calculated as the ratio of daily Yb consumed to Yb concentration in feces.
Lipid Extraction, Methylation, and Analysis of Fatty Acid
Total lipids in the dietary samples were extracted in ethyl ether according to the AOAC International (AOAC, 1995; method 960.39) using a Goldfisch apparatus (Laboratory Construction Co., Kansas City, MO). Lipids were recovered by evaporating the ethyl ether under N 2 . Nonadecanoic acid (C19:0) methyl ester (100 μL, 5.96 mg/mL hexane; Nu-Chek Prep. Inc., Elysian, MN) was added to the residues (10 mg) as an internal standard. All chemicals were purchased from Sigma-Aldrich Inc. (Oakville, ON, Canada), except where indicated. For methylation, a combined base and acid methylation procedure using sodium methoxide (0.5 mmol/L in methanol) and boron triflouride (140 mL/L methanol) was used (Lock and Garnsworthy, 2002; He et al., 2012a) . Fatty acids in duodenal and fecal samples were transmethylated essentially as described by Palmquist and Jenkins (2003) . Hexane was chosen as the extracting solvent. The concentration of methanolic HCL was changed from 10%, as originally described, to 3 N (Sigma-Aldrich). Incubation time was 2 h, and the temperature was 90°C. Tubes were continuously checked for leaks during incubation, and incubation was repeated if leaks could not be controlled. Fatty acid methyl esters (FAME) were quantified using a gas chromatograph (Hewlett-Packard GC System 6890; Hewlett-Packard, Mississauga, ON, Canada) equipped with a flame ionization detector and SP-2560 fused silica capillary column (75 m by 0.18 mm by 0.14 µm; Supelco Inc., Oakville, ON, Canada) as described by He et al. (2012b) .
Chemical Analyses
Chemical analyses were performed on each sample in duplicate, and when the CV for the replicate analysis was more than 5%, the analysis was repeated. Analytical DM was determined by oven drying at 135°C for 2 h (AOAC, 1995; method 930.15) . Ash concentration was determined by combustion at 550°C for 5 h, and OM concentration was calculated as the difference between 100 and the percentage of ash (AOAC, 1995; method 942.05) . The NDF was determined as described by Van Soest et al. (1991) using heat-stable α-amylase (Termamyl 120 L; Novo Nordisk Biochem, Franklinton, NC) without sodium sulfite. The ADF was determined according to the AOAC International (AOAC, 1995; method 973.18) . For the measurement of starch and CP (N × 6.25), samples were ground using a ball mill (Mixer Mill MM 2000; Retsch, Haan, Germany) to a fine powder. Starch was determined by enzymatic hydrolysis of α-linked glucose polymers (Rode et al., 1999) . Total N was determined by flash combustion and thermal conductivity detection (model 1500; Carlo Erba Instruments, Milan, Italy).
Statistical Analyses
Data were analyzed using the MIXED procedures of SAS (SAS Inst. Inc., Cary, NC) for a 2 × 2 + 1 factorial arrangement. The mixed model included the fixed effects of treatment and the random effects of heifer and period. The effect of increasing amounts of DDGS at ML was examined using a linear polynomial contrasts using the CONTRAST statement of SAS. Within factorial arrangement, contrasts were generated to compare LDG vs. HDG (average of the LDGML and LDGMH diets vs. average of the HDGML and HDGMH diets), the ML vs. MH (average of the LDGML and HDGML diets vs. average of the LDGMH and HDGMH diets), and the interaction between DDGS and monensin concentration. Differences were declared significant when P ≤ 0.05. Trends were discussed at 0.05 < P ≤ 0.10 unless otherwise stated.
RESULTS AND DISCUSSION

Fatty Acid Profiles of Feeds
The FA profiles of the three main feed ingredients were obviously different although statistical comparison was not performed as the same batch feed was used. Corn DDGS had greater C18:1 c9 and C18:2 c9,c12 percentages but less C18:3n-3 compared to barley grain and barley silage (Table 1) . Overall, the FA profiles were similar between the barley grain and barley silage. The FA profiles of the barley grain and corn DDGS were consistent with the reports by Sasikala-Appukuttan et al. (2008) and Youssef et al. (2012) . Corn DDGS FA profiles, with a predominance of C18:2, C18:1, and C16:0, were similar to that of corn oil (Elliott et al., 1993) . Corn DDGS likely had greater C18:2 c9,c12 percentage compared to barley silage, which is consistent with the report that corn DDGS is rich in C18:2 c9,c12, ranging from 52 to 54% of total FA (Bharathan et al., 2008; Sasikala-Appukuttan et al., 2008; Whitney and Braden, 2010) . As expected, the dietary ether extract (EE) content increased with increasing inclusion rate of corn DDGS, due to the substantially greater EE content of corn DDGS relative to barley grain and barley silage ( Table 2) .
Intake of Fatty Acid
There was no interaction between levels of DDGS and monensin on DMI, which was reduced (P = 0.05) when heifers were fed MH vs. ML diets (Table 3) . Intakes (g/d) of total and individual FA such as C18:0, C18:1 c9, C18:1 c11, C18:2 c9,c12, and C18:3n-3 were linearly (P < 0.01) increased with increasing DDGS inclusion. These results were expected because the increased inclusion rate of corn DDGS in the diet increased DMI and fat content of corn DDGS was greater than that of barley grain or barley silage. Although SFA percentage of FAME was much less in DDGS than in barley grain or barley silage, intake of SFA was linearly (P < 0.01) increased with increasing DDGS inclusion because the intake of total FA was increased by 270 or 360%, respectively, for heifers fed LDG or HDG diets. The increased intake of total FA was in agreement with Uwituze et al. (2010) who reported that steers fed diets containing 25% corn DDGS had greater intake of EE than steers fed diets without corn DDGS. However, Vander Pol et al. (2009) observed decreased intake of EE by heifers fed diets containing 40% wet distillers grains compared with heifers fed diets containing no distillers grains. The discrepancy between studies is due to whether the EE was balanced across experimental diets. In the present study and that of Uwituze et al. (2010) , diets containing corn DDGS had greater EE than the diets without DDGS whereas the diets were balanced to have similar EE concentration in the study of Vander Pol et al. (2009) . There was no interaction between levels of DDGS and monensin on the intakes of FA. Intakes of all FA except for C18:3n-3 were greater (P < 0.01) for heifers fed HDG than heifers fed LDG diets. In contrast, intakes of C18:0 (P = 0.10), C18:1 c9 (P = 0.10), C18:1 c11 (P = 0.11), and total FA (P = 0.10) tended to decrease and intake of C18:3n-3 decreased (P = 0.04) with increasing monensin from 28 to 48 mg/kg diet DM. The decreases in the intakes of FA resulted from the decrease of DMI by increasing monensin supplementation.
Ruminal Biohydrogenation
Ruminal BH was estimated by the differences in USFA between the intakes and the flows to duodenum (Table 4 ). The ruminal BH of USFA, PUFA, C18:1 c9, 6 MGA = melengestrol acetate (Pfizer Canada Inc., Kirkland, Québec, Canada).
7 EE = ether extract.
8 FAME = fatty acid methyl esters.
9 USFA = unsaturated fatty acids.
and C18:2 c9,c12 did not differ among treatments, except for C18:3n-3, which tended (P < 0.09) to be less with DDGS than CON diet. These results contrast with those of Vander Pol et al. (2009) who reported some degree of protection of the USFA of DDGS from ruminal BH. Murphy et al. (1987) reported that ruminal BH of C18:1 c9 increased from 38 to 73% when supplementation of C18:1 c9 increased from 0.5 to 3.3% of DM in a dairy cow diet. Loor et al. (2002) suggest that more supplemental C18:1 c9 was preferentially hydrogenated to C18:0 due to its large availability, therefore leading to incomplete BH of dietary C18:2 c9,c12 and accumulation of C18:1 t11 and CLA. The intake of C18:2 c9,c12 was much greater than that of C18:1 c9 in the present study and therefore the BH of C18:2 c9,c12 was not lowered. The lack of differences in BH among treatments suggests that the machinery of BH was not limited even when the dietary EE was up to 7.5% as was the case in this study. Kalscheur et al. (1997) reported that low ruminal pH reduces rates of ruminal BH with a decrease of CLA and trans C18:1 percentages, suggesting an inhibition of the isomerase (Van Nevel and Demeyer, 1996; TroegelerMeynadier et al., 2006) . However, Loor et al. (2004) indicated that changes in the extent of BH may be independent of ruminal pH when high-concentrate diets are fed. In the present study, mean ruminal pH (5.85) was not different among treatments (Xu et al., 2013) , which may explain no differences in the ruminal BH of individual USFA among treatments. Doreau and Ferlay (1994) reported in an extensive review that ruminal BH of C18:3n-3 averaged 92% (range of 85 to 100%) and BH of C18:2 c9,c12 averaged 80% (range of 70 to 95%). The present ruminal BH was 2 C 1 = linear effect of increasing replacement of barley with DDGS at ML (CONML, LDGML, and HDGML); C 2 = average of the LDGML and LDGMH diets vs. average of the HDGML and HDGMH diets; C 3 = average of the LDGML and HDGML diets vs. average of the LDGMH and HDGMH diets; C 4 = interaction between levels of DDGS and monensin.
3 USFA = unsaturated fatty acids. 4 Total FA = sum of C6:0, C7:0, C8:0, C9:0, C10:0, C12:0, C13:0, C14:0, C15:0, C16:0, C16:1 c9, C17:0, C18:0, C18:1 t6-8, C18:1 t9, C18:1 t10, C18:1 t11, C18:1 c9, C18:1 c11, C18:1 c15, C18:2 c9,t12, C18:2 t11,c15, C18:2 c9,c12, CLA c9,t11, CLA t10,c12, C18:3n-3, C20:0, C20:1, and C22:0. close to the range reported by Doreau and Ferlay (1994) for C18:3n-3 (68 to 79%) and C18:2 c9,c12 (75 to 82%). However, the present BH were overall less than the predicted BH of C18:1 c9 (range of 75 to 87%), C18:2 c9,c12 (range of 83 to 94%), and C18:3n-3 (range of 91 to 98%) by the CPM-Dairy model (version 3.0.10). The discrepancy may be due to the fact that the CPM-Dairy diet model (Moate et al., 2004) was developed using in vivo data derived from dairy cow experiments in which diets generally contained less than 50% of grain in the total diet DM. Second, ruminal BH may be different between dairy and beef cattle as the CPM Dairy model is based on the data from dairy cattle. Ruminal BH can be adversely affected by dietary starch level. In vitro lipolysis and hydrogenation of C18:2 c9,c12 decreased linearly with ruminal fluid from sheep fed increasing wheat starch from 12 to 31% of DM (Gerson et al., 1985) . Increasing the dietary starch also decreased CLA c9,t11 and C18:1 t11 percentages, especially in the high-starch plus oil diet (Zened et al., 2011) . Moreover, dietary PUFA inhibited ruminal fibrolytic bacteria such as Butyrivibrio fibrisolvens, the main ruminal BH bacterium (Yang et al., 2009) . For example, with increasing concentrations of C18:3n-3 in the incubation media, C18:1 t11 disappearance declined and isomerization of C18:1 t11 to CLA was strongly inhibited (Troegeler-Meynadier et al., 2003) . In the present study, although the decrease of dietary starch with increasing replacement of barley grain with corn DDGS favored BH, the increased intakes of USFA with increasing corn DDGS would have inhibited BH. Therefore, the net result was a lack of effect of DGGS on ruminal BH.
It is generally accepted that monensin is effective in partially inhibiting the BH of C18:2 c9,c12 as it inhibits the last step of BH by increasing rumen outflow of trans C18:1 FA and reducing the outflow of SA (Van Nevel and Demeyer, 1995; Fellner et al., 1997; Bauman and Griinari, 2003) . Odongo et al. (2007) investigated the long term effects of feeding monensin on milk FA by supplementing a dairy cow diet with 24 mg/kg DM and found that monensin partly inhibited the BH of USFA in the rumen and consequently increased the percentage of n-6 and n-3 PUFA and CLA in milk. However, in our study failure to detect an effect of increasing monensin from 28 to 48 mg/kg diet DM on BH suggests that supplementing monensin above the industry recommendation is not beneficial for increasing PUFA provision.
Profiles and Flow of Fatty Acid to Duodenum
The profiles of FA in duodenal digesta overall did not differ among treatments except for a few USFA (Table 5) . Percentage of C18:1 c9 (P = 0.04) and CLA t10,c12 (P < 0.01) in FAME linearly increased, and that of CLA c9,t11 tended (P = 0.06) to linearly increase whereas the percentage of C18:3n-3 tended (P = 0.09) to linearly decrease with increasing DDGS inclusion. Percentage of C18:2 c9,c12 tended (P = 0.07) to be less with increasing monensin supplementation. In addition, heifers fed HDG had greater (P = 0.04) percentages of CLA c9,t11 in FAME from duodenal digesta compared with heifers fed LDG diet. There was an interaction (P = 0.04) between DDGS and monensin on the percentage of CLA t10,c12 in FAME from duodenal digesta; it increased with MH for LDG whereas it decreased with MH or HDG diets. Comparing the profiles of SFA in the duodenal flows (71 to 76% of FAME) to the feeds (16 to 25% of FAME), the percentages of SFA increased by about 50 units, which was primarily due to the increase of C18:0 as a result of ruminal BH. Therefore, the percentages of USFA in FAME were decreased from about 80% in feeds to 26% in the duodenum. The percentage of PUFA in the duodenal digesta was reduced by 78 to 81%, which was substantial compared to the reduction of MUFA (range of 18 to 48%). The profiles of SFA, MUFA, and PUFA in the duodenal flows vary considerably among studies (Murphy et al., 1987; Loor et al., 2002; Shingfield et al., 2011) , possibly due to differences in type of animal used (dairy or beef cattle) and source of fat supplemented. Vander Pol et al. (2009) reported a lower percentage of 18:0 but greater percentages of trans C18:1, C18:1, and C18:2 reaching the duodenum of cattle fed diets containing 40% wet distillers grain compared to when cattle were fed diets with or without corn oil addition. These authors suggested that the FA in wet distillers grain are not hydrogenated to the same extent in the rumen as FA in corn oil. Similarly, Duckett and Gillis (2010) reported that steers fed a cornbased finishing diet supplemented with 4% corn oil with total 6% lipid in the diet resulted in only 12.5% USFA of total FA in the duodenal flows, which is much smaller than our values (24 to 28%). The greater percentages of C18:1 c9, C18:2 c9,t11, and C18:2 t10,c12 in the duodenal flows of heifers fed corn DDGS diets are consistent with Vander Pol et al. (2009) even though the differences in the percentages of SFA and USFA between diets with and without corn DDGS were not significant in our study.
Flows of DM and NDF to the duodenum were linearly (P < 0.01) increased with increasing DDGS inclusion (Table 6 ). Increasing monensin supplementation reduced the duodenal flows of DM (P < 0.01) and NDF (P = 0.02), reflecting the changes in DM and NDF intakes. Flows of total and some major individual FA to the duodenum were linearly (P < 0.01) increased with increasing inclusion rate of corn DDGS at ML. There was no interaction between the level of corn DDGS and monensin supplementation on the flows of FA to the duodenum. Flows (g/d) of C18:0 (P < 0.01), C18:1 c9 (P < 0.01), CLA t10,c12 (P = 0.02), SFA (P < 0.01), USFA (P = 0.02), and total FA (P < 0.01) to the duodenum were 3 C 1 = linear effect of increasing replacement of barley with DDGS at ML (CONML, LDGML, and HDGML); C 2 = average of the LDGML and LDGMH diets vs. average of the HDGML and HDGMH diets; C 3 = average of the LDGML and HDGML diets vs. average of the LDGMH and HDGMH diets; C 4 = interaction between levels of DDGS and monensin.
4 USFA = unsaturated fatty acids. 2 C 1 = linear effect of increasing replacement of barley with DDGS at ML (CONML, LDGML, and HDGML); C 2 = average of the LDGML and LDGMH diets vs. average of the HDGML and HDGMH diets; C 3 = average of the LDGML and HDGML diets vs. average of the LDGMH and HDGMH diets; C 4 = interaction between levels of DDGS and monensin.
3 USFA = unsaturated fatty acids.
greater for heifers fed HDG than LDG diets. However, increasing monensin from 28 to 48 mg/kg DM in diets reduced the flows of USFA (P = 0.04) and PUFA (P = 0.05) and tended to reduce the flows of C18:2 c9,c12 (P = 0.07), C18:3n-3 (P = 0.07), and MUFA (P = 0.08) but had no effect on the flows of SFA and total FA to the duodenum. These results indicate a beneficial increase of USFA availability to cattle by feeding corn DDGS. However, the increased flows of USFA to the duodenum of heifers fed corn DDGS diets were primarily attributed to increased intakes of USFA rather than a reduction in ruminal BH, which was relatively unaffected by incorporating corn DDGS into the diet. An interesting finding of this study was that feeding corn DDGS increased flows of CLA isomers to the small intestine. The CLA c9,t11 profile in duodenal digesta was increased by 45 and 321% and that of CLA t10,c12 by 127 and 142%, respectively, in heifers fed LDG and HDG versus CONML diet, which likely resulted from greater intake of C18:2 c9,c12 with DDGS than the CONML diet (Loor et al., 2005) . Overall one may speculate that the decreased flows of USFA with increasing monensin may have resulted from the decreased intake of USFA (Table 6) . Similarly, the lack of difference in the flows of SFA between ML and MH might be expected as the intake of USFA tended to be different yet the ruminal BH was not different between diets containing ML or MH. Jenkins et al. (2003) reported a reduction in concentration of C18:2 in FAME from ruminal fluid by adding monensin in continuous culture. Although monensin is believed to inhibit the last step of BH, possibly leading to an accumulation of FA isomers, increasing monensin addition over the recommendation level may have limited effects.
Intestinal Digestibility of Fatty Acid
Intestinal digestibility (% of duodenal flow) of FA was linearly (P = 0.04) increased for C18:1 c9 and tended to linearly increase for C18:1 c11 (P = 0.07), C18:2 c9,c12 (P = 0.10), and SFA (P = 0.06) with increasing DDGS inclusion (Table 7) . There was no interaction between level of DDGS and monensin on the digestibility of FA. The digestibilities of SFA (P < 0.01), USFA (P = 0.05), and total FA (P = 0.01) were greater and that of C18:1 c9 (P = 0.08), C18:2 c9,c12 (P = 0.10), MUFA (P = 0.07), and PUFA (P = 0.08) tended to be greater for heifers fed HDG compared to heifers fed LDG diets. The greater intestinal digestibility of FA seemed to be in agreement with Vander Pol et al. (2009) , who reported that total tract fat digestibility was greater for cattle fed wet distillers grains than for other sources of fat. In comparing with the CPMDairy prediction, the averaged digestibility of C18:1 c9, C18:2 c9,c12, and C18:2 c9,c12,c15 (measured vs. predicted) was similar when fed CON (83 vs. 82%) or LDG (82 vs. 78%) diets but it was greater when fed HDG diets (89 vs. 78%). Doreau and Ferlay (1994) concluded from an extensive review of the literature that USFA were more digestible than SFA. The duodenal flows of USFA linearly increased with increasing DDGS inclusion in the present study. Lock et al. (2005) suggested that digestibility of Table 7 . Effect of corn dried distillers grains with solubles (DDGS) and monensin on the intestinal digestibility (% of duodenal flow) of fatty acids (FA) in feedlot beef heifers 2 C 1 = linear effect of increasing replacement of barley with DDGS at ML (CONML, LDGML, and HDGML); C 2 = average of the LDGML and LDGMH diets vs. average of the HDGML and HDGMH diets; C 3 = average of the LDGML and HDGML diets vs. average of the LDGMH and HDGMH diets; C 4 = interaction between levels of DDGS and monensin.
individual FA decreases as chain length increases and increases as the number of double bonds increases. Increasing monensin addition from 28 to 48 mg/kg diet DM did not affect the digestibility of FA in the intestine. In other studies, the digestibility of FA was not affected with supplementing monensin at 16 mg/kg diet DM (Côrtes et al., 2011) whereas supplementing monensin at 26 mg/kg diet DM increased digestibility of C18 FA (Homerosky, 2007) .
In conclusion, inclusion of 20 and 40% corn DDGS to replace barley grain in feedlot finishing diets increased the intake and duodenal flows of PUFA. The PUFA in DDGS seemed to have limited protection from ruminal BH. Increasing supplementation of monensin from 28 to 48 mg/ kg diet DM decreased the intake and duodenal flows of FA, primarily due to a reduction in DMI, with greater monensin supplementation having only subtle effects on ruminal BH and intestinal digestibility of FA. Adding corn DDGS in the place of barley grain in the feedlot finishing diets could be an effective way to increase the intestinal PUFA supply. However, supplementing monensin at 48 mg/kg diet DM has no evident effect on increasing the PUFA provision to heifers fed finishing diets.
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